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Anna Bugge1*, Jakob Tarp1, Lars Østergaard1, Sidsel Louise Domazet1, Lars Bo Andersen1,2 and Karsten Froberg1Abstract
Background: The aim of the study; LCoMotion – Learning, Cognition and Motion was to develop, document, and
evaluate a multi-component physical activity (PA) intervention in public schools in Denmark. The primary outcome
was cognitive function. Secondary outcomes were academic skills, body composition, aerobic fitness and PA. The
primary aim of the present paper was to describe the rationale, design and methods of the LCoMotion study.
Methods/Design: LCoMotion was designed as a cluster-randomized controlled study. Fourteen schools from all five
regions in Denmark participated. All students from 6th and 7th grades were invited to participate (n = 869) and consent
was obtained for 87% (n = 759). Baseline measurements were obtained in November/December 2013 and follow-up
measurements in May/June 2014. The intervention lasted five months and consisted of a “package” of three main
components: PA during academic lessons, PA during recess and PA homework. Furthermore a cycling campaign
was conducted during the intervention period. Intervention schools should endeavor to ensure that students
were physically active for at least 60 min every school day. Cognitive function was measured by a modified Eriksen
flanker task and academic skills by a custom made mathematics test. PA was objectively measured by accelerometers
(ActiGraph, GT3X and GT3X+) and aerobic fitness assessed by an intermittent shuttle-run test (the Andersen intermittent
running test). Furthermore, compliance with the intervention was assessed by short message service (SMS)-tracking and
questionnaires were delivered to students, parents and teachers.
Discussion: LCoMotion has ability to provide new insights on the effectiveness of a multicomponent intervention on
cognitive function and academic skills in 6th and 7th grade students.
Trial registration: Clinicaltrials.gov: NCT02012881 (10/10/2013)
Keywords: Cognition, Academic achievement, Physical activity, Children, Adolescents, School-based intervention,
Fitness, RCTBackground
Prevalence of obesity and overweight is increasing among
children and adolescents throughout the world [1]. At the
same time it has been shown that physical activity (PA)
and aerobic fitness have decreased particularly in the less
fit pediatric population [2-4]. Taken together, the health* Correspondence: anbugge@health.sdu.dk
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unless otherwise stated.consequences of these trends may be a future adult popu-
lation with high prevalence of obesity and metabolic ab-
normalities [5].
PA has been suggested as an important factor in preven-
tion of both obesity and lifestyle diseases [5-7]. Schools pro-
vide an advantageous setting for encouraging a healthy
lifestyle among children and for enhancing PA [8], since
school interventions can reach children from all risk groups
[9], while stigmatization of children at risk likely is avoided.
Previous school-based intervention studies addressing
different health related outcomes have been inconclusiveLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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Figure 1 Flowchart of schools in LCoMotion.
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aerobic fitness [11,13]. Even though many of the school-
based intervention studies found some improvements in
health parameters, there still seems to be a lack of willing-
ness of parents, teachers and politicians in many countries
to prioritize PA during the school day. However, recent re-
search has shown that PA and a high aerobic fitness level
are associated not only with metabolic health, but also with
improved cognitive function and academic skills [14-18]. If
these results could be confirmed and expanded, it might
change the priorities in different school systems towards
more PA during the school day. Childhood is probably the
most important time of life for development of cognitive
skills, and given the assumed positive association with PA,
it emphasizes the importance of early intervention to de-
crease inactivity and/or improve PA. On this basis, the Da-
nish government has decided that every child in public
schools should have 45 min of PA every school day starting
from summer 2014 [19]. Some school-based interventions
have already been conducted with the aim of investigating
the effect of increased PA on cognitive function and/or aca-
demic skills [20-24]. Some of these studies were, however,
small-sized [22-24], the analyses of the effect on academic
skills were only performed on a sub-sample of the partici-
pants [21], or the study was not conducted as a randomized
controlled trial [24]. With these limitations kept in mind,
there seems to be a positive effect or at least no nega-
tive effect of taking time from academic subjects and
directing it towards more PA. However, the most effect-
ive way to compose school-based interventions is still
unknown. One challenge is to design an intervention which
is effective in terms of improving health and cognitive func-
tion of children, while at the same time possible to imple-
ment in large scale school settings.
The overall objective of the present study; LCoMotion –
Learning, Cognition and Motion, was therefore to evaluate
the effect of a school-based PA intervention aiming at in-
creasing PA to a total of 60 min per school day. LCoMotion
is the first large school-based PA-intervention in Denmark
assessing cognitive function and academic skills, as well as
body composition, aerobic fitness and PA. The primary aim
of the present paper is to describe the rationale, design and
methods of the LCoMotion study.
Methods/Design
Study design
LCoMotion is a cluster randomized controlled interven-
tion study including students from the 6th and 7th grade
at public schools in Denmark (12-14 years old). The
clusters consisted of participating schools. Schools were
randomly allocated either to the intervention or control
group. After the follow-up measurements all control schools
received the same intervention "package" as the intervention
schools.Recruitment and randomization
A complete chart illustrating the recruitment and
randomization process is shown in Figure 1. Baseline
measurements were done in November/December 2013,
follow-up measurements in May/June 2014. Data analysis
has not yet been completed. All schools participating in
a primary-school project about PA and health (Styr på
Sundheden [25]) were invited to participate in LCoMotion.
Out of 20 schools, 13 schools accepted the invitation.
Schools were randomly assigned to receive either the
intervention "package" or serve as controls. Two interven-
tion schools withdrew the acceptance before the start of
the study, but after the randomization. Additionally three
schools not originally enrolled in the study were invited
from local networks and randomized. In total 14 schools
from all five main regions of Denmark were recruited
for the study. From these schools all students in 6th and
7th grade classes (n = 869) were invited to participate in
LCoMotion by a letter describing the study, the measure-
ments, the randomization procedures and the consent
form. All students, parents and teachers were then invited
to a meeting at the school, where the scientific background
and a full description of the study was given. Eighty-seven
percent of the parents gave consent for their child to
participate in the study (n = 757). The study was approved
by the ethics committee of the region of Southern
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(NCT02012881) (10/10/2013).
Intervention components
The intervention "package" in LCoMotion consisted of
three main components:
1) Active Learning. Participating classes’ primary
teachers, and other interested teachers received
supplementary training in delivering activities
involving PA during academic subjects. The
supplementary training consisted of a 3 hours
course on one day. Focus was on practical tools to
incorporate PA in the different subjects. All teachers
were expected to register these activities using an
"activity watch" hanging in each class room. The
primary teacher of each class reported the total
number of minutes used on "active learning", as well
as the number of times that the teacher initiated PA
in academic subjects, to the research team every
week by text messages (see Outcome measures).
2) Physically active recesses. Teachers and a selected
group of students received supplementary training
on how to conduct moderate to vigorous physical
activities in recess with their students or peers. This
course was partly with teachers and students
together and partly with the two groups separated.
The course was delivered on one day on each school
and lasted 4 hours. Furthermore, all intervention
schools received a bag with equipment for these
activities, e.g. different types of balls, Frisbees, pins
etc.
3) PA home work. Students received a booklet with
different activities lasting about 10 minutes each.
They had to select one activity each day and register
how many days they carried out an activity. Each
month the teachers collected these booklets and
distributed new ones with other activities. In the end
of the intervention, there was a competition between
classes of having most activities done.
Furthermore, during the third month of the interven-
tion, all intervention classes received materials regarding
a cycling commuting competition in the form of posters
in the classrooms and information via the school’s intra-
net. All intervention classes competed for the highest
frequency of cycle commuting during two weeks. Results
were registered by the short message service (SMS) track-
ing system (see below).
All participating schools (principals and involved teachers)
made an oral agreement with the research staff about
endeavor to ensure that all participating student had
60 minutes of PA on all school days during the inter-
vention. No guidelines on how to distribute the 60 minutesof daily PA were given. The practical implementation was
therefore completely decided and administrated by the
teachers and schools. This is also the case in the new
Danish school reform, which intends to implement
45 minutes of PA every day in the school setting to all
students [19].
Data collection procedures and staff training
Prior to both baseline and follow-up testing all research
personnel was trained by members of the research team
on the assessment of mathematics skills, cognitive function,
cardiovascular fitness, anthropometrics and self-assessment
of pubertal status. Pilot tests of the flanker task and the
mathematics test were conducted (see Outcome measures).
Data collections were performed at the participating
schools in a gym and in the classrooms, except for
the flanker task, which was performed in smaller rooms




Cognitive function Cognitive function was evaluated
using a computer-based modified Eriksen flanker task [26].
An arrow pointing to the right “>” will require a right-
handed response and an arrow pointing to the left “<” will
require a left-handed response. These two response-eliciting
stimuli are flanked by an array of other arrows that are
congruent (>>>> > or < <<<<), or incongruent (>><>>
or <<><<) to the centrally placed target stimulus. The
incongruent condition is found to cause a delay in re-
sponse time as well as a decrease in accuracy relative to
the congruent condition, mainly because it requires greater
amounts of inhibitory control to overwrite the stimuli
induced by the distracting flankers. The congruent and
incongruent conditions were randomly introduced. Par-
ticipants completed one practice block of 20 trials to train
the participants in what was expected, and to identify any
problems they had in understanding and performing the
test. If this test was not satisfactory, another practice block
was completed, and this was repeated until the tester was
certain whether the participant had understood the task
correctly. Subsequently two blocks consisting of 75 trials
each were presented for 120 milliseconds (msec) followed
by a response window of 1350 msec. A random inter-
stimulus interval of 1250 – 1550 msec separated each trial
and a break of 30 seconds separated each block of trials.
The entire test could be completed within 8 minutes. Stu-
dents were instructed to respond as quickly and as accur-
ately as possibly. The outcomes for the test were reaction
time (RT) to the stimulus of the arrow on screen (msec)
and accuracy (percentage of possible trials where the
correct response was selected). Calculation of interfer-
ence scores (incongruent – congruent) for both RT and
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as the difference in speed and accuracy of information
processing during the congruent and the incongruent
trials [27]. Performance on the flanker task is unknown
in a general population of adolescents in the midst of
puberty. The progression through puberty could be of
importance (though a similar progression in the control
group and the intervention group would be expected)
to both outcome measures (accuracy and RT) [27]. A
pilot study was therefore conducted prior to the base-
line testing on the study age group, and the flanker task
was accordingly adjusted, in order to elicit a response
accuracy of around 70 – 80% in the incongruent trials.
Secondary outcomes
Academic skills
Academic skills were assessed by a mathematics test
consisting of 50 questions of varying difficulty matching
the requirements of 6th and 7th grade curriculum, respect-
ively. No aids were permitted in the mathematical skill
testing. A modified version (only numbers were changed)
was administered at follow-up measurements. Students
were allowed 45 minutes to complete the tests. The math
tests were scored by the research staff. A pilot study was
conducted and the mathematics skill tests were validated
against a standardized math-test often used in the Danish
school system to asses mathematics skills at the individual
level in different age-groups [28]. A correlation coefficient
of 0.87 (p < 0.001) was found between the standardized
and the applied test.
Physical activity (PA) measurements
PA levels of participants were assessed by accelerometry
before and during the intervention. GT3X and GT3X +
devices (ActiGraph LLC, Pensacola, FL, USA) were dis-
tributed by research staff to students at schools with the
instruction to wear the devices on the right hip every
day during a seven day period. Devices were distributed
on Mondays or Tuesdays during November/December
2013 (before intervention) and during March 2014 (third
month of the intervention). Accelerometer type was ran-
domly selected at the student level and assessment pe-
riods were balanced between control and intervention
schools. Due to a shortage of devices one intervention
school did not receive accelerometers, as this school
entered the study just prior to baseline testing. Further-
more, accelerometers were only distributed in four of five,
four of six and three of four classes at another three
schools.
Outcomes for PA levels will be mean counts/min dur-
ing all assessed minutes as well as time (minutes) spent
in different intensity domains (sedentary, light, moderate,
vigorous PA). These parameters can furthermore be inves-
tigated in segments of the day (school time, recess, andleisure-time) as class-specific time tables were collected at
both assessment periods. These segments were all compo-
nents in the LCoMotion intervention and it will thus be
possible to investigate whether the intervention caused any
changes in PA during the different segments of the day.
Cardiorespiratory fitness
Aerobic fitness was measured with the Andersen inter-
mittent running test [29]. Two parallel lines 20 m apart
were made on the floor. Subjects ran from one line to
the other. They had to touch the line on the floor with one
hand, turn around and run back. Music signaled 15 seconds
of running and 15 seconds of rest. Participants had to stop
immediately at the signal. This procedure was followed for
10 minutes giving an overall running time of 5 minutes.
Subjects were told to run as fast as they could in order to
cover the longest possible distance. This distance in meters
was the test result, which has been validated against direct
measures of maximal VO2-uptake [29,30]. The test has also
been found to have a fairly high reliability [30].
Anthropometric measures and puberty assessment
Body height was measured without shoes to the nearest
0.5 cm using Harpenden stadiometer (West Sussex, UK).
Body mass was measured in light clothing to the nearest
0.1 kg using an electronic scale (Tanita BWB-800, Tokyo,
Japan). Waist circumference was measured to the nearest
0.5 cm with an anthropometric tape, at the level of the
umbilicus. Sexual maturation was assessed by self-report
using a scale of pictures of pubic hair for both sexes and
of breast and genital development for girls and boys, re-
spectively, according to the development divisions pre-
sented by Tanner [31]. Furthermore, girls had to report if
they had started having menstrual periods.
Short message service (SMS)-tracking quantifying the
intervention elements
Every second week for the entire intervention period in-
formation on compliance with the intervention elements
was collected using SMS-tracking on mobile phones (Auto-
matic text messaging). Students at intervention schools
received a message every second Friday asking how many
times the last week;
– they had participated in programmed recess
activities
– their teachers had initiated physical activities in the
academic subjects
– they had conducted their PA homework.
Once a month both intervention and control students
were asked about bicycling to and from school the past
week.
Bugge et al. BMC Public Health 2014, 14:967 Page 5 of 8
http://www.biomedcentral.com/1471-2458/14/967Main class teachers in all intervention classes were sent
two questions each week;
– how many minutes the class had been physically
active (both as planned recess activities and in
academic subjects) in the past week following the
“activity watch”
– how many times they themselves had initiated
physical activities in academic subjects
For all messages both for students and teachers, if they
were not answered, a follow-up message was send after
24 hours and again after 72 hours. If the message was not
answered after that, or answered in text or other invalid
ways, students or teachers were contacted by the research
team by phone to clarify facts.
Questionnaires
Three different questionnaires were administered; one for
participating students, one for the parents or guardians,
and one for main class teachers in all participating classes.
All questionnaires were paper based.
The questionnaire for students contained a total of 29
questions and was administered on the test day at the
school or by the teachers one or two days after the test day.
The questions covered activities in recess, self-assessed
school performance, relations to classmates, teachers,
friends and family, motivation for school, PA in leisure
time, sedentary behavior, mode of transportation, sleep-
ing habits, diet (short), smoking habits and alcohol con-
sumption. These items were categorized into four domains
(school time, intrinsic factors, leisure-time activities and
dietary habits). The questionnaire for parents contained 29
questions on their child’s health including diagnosed syn-
dromes or illnesses, specifically mental illnesses and need
for special education. Questions on ethnicity, household
income and education, and parental assessment of the
child’s academic skills were also included in the question-
naire. The parent questionnaire was delivered to the
students on the test day and brought home to the par-
ents with a pre-paid return envelope. Only one parent
or guardian for each student was requested to answer
the questionnaire. After 3-4 weeks all parents were
reminded to fill out and return the questionnaire by a
message on the school’s intra-net. Those parents who
had not returned the questionnaire after 6 weeks had a
new questionnaire resent. The majority of questions in
both students’ and parent’s questionnaires had previously
been used in other (inter)national surveys about children
and adolescents’ health and PA habits (e.g. [32-34]).
Questionnaire for main class teachers was delivered by
the end of the intervention, but before the follow-up
testing and contained questions regarding the amount
of planned activities during recesses and the amount ofphysical activities during academic subjects. This was done
in order to compare the quantity of these elements, as the
SMS-tracking is only used for quantifying intervention
elements in the intervention schools (except for bicycling
which was assessed in both intervention and control
schools).
Statistical considerations
Sample size calculation was done prior to recruitment of
schools. Conventional two-sided levels of statistical power
(0.8) and level of significance (0.05) were used. Calculation
was done based on expected differences between interven-
tion and control group in one of the primary outcomes;
accuracy in the flanker task. An intervention with the dur-
ation of the LCoMotion intervention was hypothesized
to result in an effect size of approximately three per-
cent points (personal communication with Professor
CD Hillman about effect size and standard deviations).
To lower the assumed cluster effect schools were grouped
based on their grade point average from the final examin-
ation 2011/2012. Assuming a cluster effect of 0.01 and an
average number of students per school of 80, the calcula-
tions showed that a minimum of 11 schools (5 control
and 6 intervention schools) were required, with a total
number of 680 students. Analyses were performed with
statistical software STATA version 13.
The effect of the intervention will be tested using multi-
level mixed effects models adjusted for relevant possible
confounding factors, e.g. sex, age, baseline value of the vari-
able, family socioeconomic status etc. Because of the cluster
structure of data, schools and classes will be included as
random effects in the analyses.
Baseline participation
Table 1 presents the response/participation of all partici-
pants with consent at baseline. The lowest rate is found
for accelerometer data, since not all participants were
involved in this measurement and not all who were, had a
valid measurement (of at least one day with 10 hours). 47
participants were absent in the day of testing at baseline.
Discussion
There is a lack of well-designed properly powered school-
based intervention studies regarding the effect of PA on
cognitive function and academic skills. The present study
has the possibility to add significantly to the scientific
knowledge in the field. The study has several strong points.
First, the intervention was designed to be easily adapted to
larger scale interventions. The entire intervention was con-
ducted in a “real-life setting” by the school staff; teachers,
principals and pedagogues, with support from scientific
experts. Courses for teachers and students were delivered
by a permanent actor in the field “Danish School Sports”,
who has a long history of giving courses and information
Table 1 Response rates (%) for all consenting participants
Variables Intervention schools Control schools All schools combined
(n = 234) (n = 525) (n = 759)
Anthropometrics (height, weight, waist circumference) 89% 91% 91%
Pubertal status 89% 90% 89%
Cognitive test 93% 93% 93%
Mathematic test 94% 90% 92%
Fitness test 88% 81% 83%
Student questionnaire 95% 89% 91%
Parental questionnaire 89% 88% 88%
Accelerometer* 89 (73)% 84 (72)% 86 (72)%
*Not all students did accelerometer measurements for assessment of physical activity. In total accelerometers were distributed to 84% of all students (n = 193 and
n = 445 in intervention and control schools, respectively). Participation rate is calculated from returned accelerometers with at least one valid day of
measurements (≥10 hours) relative to total number of accelerometers distributed. Numbers in brackets show the percentages of all participants with consent.
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sport and PA in academic subjects [35]. Finally, the cost
of the intervention was relatively small, which makes it
suitable to implement in larger populations.
Also, the quality of applied methods is a strength. The
test for the primary outcome, cognitive function measured
by the flanker task, is modified according to the specific
age group in the study and chosen in dialogue with experts
in the field (personal communication with CH Hillman).
To our knowledge, only a few studies have so far reported
use of the flanker task in a large school setting [36,37]. The
majority of previous publications reporting use of the
flanker task have used smaller sample sizes [23,38], or been
conducted on older individuals (e.g. [39]). It will thus be of
interest to assess whether the present intervention can
result in any differences in test results, and also to assess
whether performance on the flanker task can be predicted
from PA, fitness or body composition in a large general
population of school-children.
Measuring PA is a notoriously difficult task. The com-
bination of applied methods; accelerometry, questionnaires
and sms-tracking taken together is considered a strength.
A combination of methods is considered as the optimal
solution for measuring PA in large cohort studies [40]. In
that way, some of the problems in accelerometry measure-
ments can be overcome; e.g. lack of intensity precision dur-
ing bicycling and no measurements during water activities
can be solved by asking question about these specific activ-
ities in questionnaires and by SMS. Accelerometry allows
analysis of specific time periods such as recess or academic
lessons (when coupled to school timetables). Also the use
of SMS-tracking is a strength, as this method introduces a
shorter recall time and thereby improves the validity of
data and therefore is less exposed to recall bias, compared
to data from e.g. questionnaires [41]. We did not use the
SMS-tracking system to inquire about PA during academic
classes at control schools since this could have caused
measurement reactivity. Instead, a short questionnaire wasdistributed to teachers both at intervention and control
schools asking to what extent they would perceive them-
selves as having initiated PA in academic classes during the
intervention period.
A custom made mathematics test was chosen, because
prior to the study it was found that the paper-based
standardized test result [28] did not show normal distri-
bution since a high number of children were polarized
and ended in the very low or the very high end of the scale.
However, results from the test chosen had a high correl-
ation with the standardized test (correlation coefficient of
0.87 (p < 0.001)).
Also worth mentioning is the geographical diverse distri-
bution of schools in the study. The 14 schools were distrib-
uted in all five main regions of Denmark and contained
both rural and urban school districts, and small and large
schools. As the randomization was stratified only by level
of the students obtained final examination grades in the
school, most large schools ended up as control schools,
which unfortunately resulted in an uneven number of stu-
dents in the intervention and the control group.
Most of the recruited schools were participating in a
primary-school project about PA and health [25], which
can be considered both a strength and a weakness of
the study. Positively, the engagement of schools could
be considerable, because the involvement in the other
project shows that both managers and employees had
an interest in working with PA as an intervention element.
Furthermore, as the other project was aimed at primary
school, none of the students in 6th and 7th grade or their
primary teachers have been involved in any PA interven-
tion prior to the start of the present study. On the other
hand, this selection of schools already motivated for PA
can introduce a possible limited potential for change, as
also the control schools have the awareness of possible
benefits of PA during the school day. In that regard it is
possible that initiatives not assessed by the research
group can have confounded the results. Other inherent
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short term intervention; however, training studies have
found effects of PA on executive function in shorter
term interventions e.g. [23,38].
We only included one measure of academic performance
(mathematics). Conclusions on overall academic achieve-
ment are therefore not possible and potential benefits of
the intervention in other subjects cannot be assessed.
This manuscript provides a description of the study de-
sign, data collection procedures and methods of a cluster-
randomized controlled study on children in 6th and 7th
grades, implementing a multicomponent PA intervention.
This study can add significantly to the scientific knowledge
concerning school-based PA interventions including pos-
sible effects on cognitive function and academic skills.
Abbreviations
PA: Physical activity; SMS: Short message service; msec: Milliseconds;
RT: Reaction time; SES: Socio economic status; SD: Standard deviation.
Competing interests
The authors declare that they have no competing interests. The study was
financially supported by the Danish Ministry of Education, but the Ministry
has not been involved in collecting or interpreting data.
Authors’ contributions
AB designed the study, drafted the manuscript and participated in
conductance of the practical work of the study. JT designed the study,
carried out the practical coordination and work, and helped to draft the
manuscript. SD designed the study and carried out the practical
coordination and work in the study. LØ participated in the acquisition of
data. LBA participated in the selection of tests and the quality testing of
these. KF designed the study. In addition all authors contributed significantly
in writing of the manuscript and read and approved the final version.
Acknowledgements
LCoMotion is part of the project “Learning by Moving”, which is sponsored
by the Danish Ministry of Education. The authors thank the participating
schools, their teachers and students, field staff who assisted in data
collection, and others involved in the project. A special thanks to Danish
School Sports (Dansk Skoleidræt) who delivered all courses to teachers and
students during the intervention. Thanks to Charles H. Hillman for useful
discussions regarding the cognitive tests, to Niels Wedderkopp for good
introduction and help with the SMS-tracking system and to Peter Lund
Kristensen and Eleanor Boyle for statistical help.
Author details
1Centre of Research in Childhood Health, Department of Sports Science and
Clinical Biomechanics, University of Southern Denmark, Campusvej 55, 5230
Odense M, Denmark. 2Department of Sports Medicine, Norwegian School of
Sport Sciences, Oslo 0806, Norway.
Received: 8 July 2014 Accepted: 15 September 2014
Published: 18 September 2014
References
1. de OM, Blossner M, Borghi E: Global prevalence and trends of overweight
and obesity among preschool children. Am J Clin Nutr 2010, 92:1257–1264.
2. Wedderkopp N, Froberg K, Hansen HS, Andersen LB: Secular trends in
physical fitness and obesity in Danish 9-year-old girls and boys: Odense
School Child Study and Danish substudy of the European Youth Heart
Study. Scand J Med Sci Sports 2004, 14:150–155.
3. Moller NC, Wedderkopp N, Kristensen PL, Andersen LB, Froberg K: Secular
trends in cardiorespiratory fitness and body mass index in Danish
children: The European Youth Heart Study. Scand J Med Sci Sports 2007,
17:331–339.4. Tomkinson GR, Olds TS: Secular changes in pediatric aerobic fitness test
performance: the global picture. Med Sport Sci 2007, 50:46–66.
5. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT: Effect of
physical inactivity on major non-communicable diseases worldwide: an
analysis of burden of disease and life expectancy. Lancet 2012, 380:219–229.
6. Hill JO, Wyatt HR: Role of physical activity in preventing and treating
obesity. J Appl Physiol 2005, 99:765–770.
7. Ekelund U, Anderssen SA, Froberg K, Sardinha LB, Andersen LB, Brage S:
Independent associations of physical activity and cardiorespiratory
fitness with metabolic risk factors in children: the European youth heart
study. Diabetologia 2007, 50:1832–1840.
8. International Obesity Task Force EAftSoO: Obesity in Europe. The Case for
Action. In London: International Obesity Task Force,European Association
for the Study of Obesity; 2002. [http://www.worldobesity.org/site_media/
uploads/Sep_2002_Obesity_in_Europe_Case_for_Action_2002.pdf]. 2002.
Ref Type: Internet Communication.
9. World Health Organization: Global strategy on diet, physical activity and
health. World Health Organization (WHO). 2004, [http://www.who.int/
dietphysicalactivity/strategy/eb11344/strategy_english_web.pdf]. Ref Type:
Internet Communication.
10. Brown T, Summerbell C: Systematic review of school-based interventions
that focus on changing dietary intake and physical activity levels to
prevent childhood obesity: an update to the obesity guidance produced by
the National Institute for Health and Clinical Excellence. Obes Rev 2009,
10:110–141.
11. Dobbins M, De CK, Robeson P, Husson H, Tirilis D: School-based physical
activity programs for promoting physical activity and fitness in children
and adolescents aged 6-18. Cochrane Database Syst Rev 2009, 1:CD007651.
12. van Sluijs EM, McMinn AM, Griffin SJ: Effectiveness of interventions to
promote physical activity in children and adolescents: systematic review
of controlled trials. Br J Sports Med 2008, 42:653–657.
13. Kriemler S, Meyer U, Martin E, van Sluijs EM, Andersen LB, Martin BW: Effect
of school-based interventions on physical activity and fitness in children
and adolescents: a review of reviews and systematic update. Br J Sports
Med 2011, 45:923–930.
14. Fedewa AL, Ahn S: The effects of physical activity and physical fitness on
children's achievement and cognitive outcomes: a meta-analysis.
Res Q Exerc Sport 2011, 82:521–535.
15. Verburgh L, Konigs M, Scherder EJ, Oosterlaan J: Physical exercise and
executive functions in preadolescent children, adolescents and young
adults: a meta-analysis. Br J Sports Med 2014, 48:973–979.
16. Tomporowski PD, Davis CL, Miller PH, Naglieri JA: Exercise and Children's
Intelligence, Cognition, and Academic Achievement. Educ Psychol Rev
2008, 20:111–131.
17. Singh A, Uijtdewilligen L, Twisk JW, van MW, Chinapaw MJ: Physical activity
and performance at school: a systematic review of the literature including a
methodological quality assessment. Arch Pediatr Adolesc Med 2012,
166:49–55.
18. CDC: Centers for Disease Control and Prevention. The Association between
school based physical activity, including physical education, and academic
performance. 1-84. Atlanta, GA: U.S: Department of Health and Human
Services; 2010.
19. Danish Ministry of Education. 2014, [http://uvm.dk/]. Ref Type: Internet
Communication.
20. Sallis JF, McKenzie TL, Kolody B, Lewis M, Marshall S, Rosengard P: Effects of
health-related physical education on academic achievement: project
SPARK. Res Q Exerc Sport 1999, 70:127–134.
21. Donnelly JE, Greene JL, Gibson CA, Smith BK, Washburn RA, Sullivan DK,
DuBose K, Mayo MS, Schmelzle KH, Ryan JJ, Jacobsen DJ, Williams SL:
Physical Activity Across the Curriculum (PAAC): a randomized controlled
trial to promote physical activity and diminish overweight and obesity in
elementary school children. Prev Med 2009, 49:336–341.
22. Ahamed Y, Macdonald H, Reed K, Naylor PJ, Liu-Ambrose T, McKay H:
School-based physical activity does not compromise children's academic
performance. Med Sci Sports Exerc 2007, 39:371–376.
23. Fisher A, Boyle JM, Paton JY, Tomporowski P, Watson C, McColl JH, Reilly JJ:
Effects of a physical education intervention on cognitive function in young
children: randomized controlled pilot study. BMC Pediatr 2011, 11:97.
24. Ericsson I: Motor skills, attention and academic achievements. An
intervention Study in school years 1-3. British Educational Research Journal
2008, 34:301–313.
Bugge et al. BMC Public Health 2014, 14:967 Page 8 of 8
http://www.biomedcentral.com/1471-2458/14/96725. Styr på sundheden. 2014, [http://www.styrpaasundheden.dk/]. Ref Type:
Internet Communication.
26. Eriksen BA, Eriksen CW: Effects of noise letters upon the identification of a
target letter in a nonsearch task. Persept Psychophysiol 1974:143–149.
27. Hillman CH, Pontifex MB, Raine LB, Castelli DM, Hall EE, Kramer AF: The
effect of acute treadmill walking on cognitive control and academic
achievement in preadolescent children. Neuroscience 2009, 159:1044–1054.
28. Hogrefe Psykologisk Forlag. 2014, [http://www.styrpaasundheden.dk/]. Ref
Type: Internet Communication.
29. Andersen LB, Andersen TE, Andersen E, Anderssen SA: An intermittent
running test to estimate maximal oxygen uptake: the Andersen test.
J Sports Med Phys Fitness 2008, 48:434–437.
30. Ahler T, Bendiksen M, Krustrup P, Wedderkopp N: Aerobic fitness testing in
6- to 9-year-old children: reliability and validity of a modified Yo-Yo IR1
test and the Andersen test. Eur J Appl Physiol 2012, 112:871–876.
31. Tanner JM: Growth at adolescence. Oxford: Blackwell; 1962.
32. Wedderkopp N, Jespersen E, Franz C, Klakk H, Heidemann M, Christiansen C,
Møller NC, Leboeuf-Yde C: Study protocol. The Childhood Health, Activity,
and Motor Performance School Study Denmark (The CHAMPS-study DK).
BMC Pediatr 2012, 12:128.
33. Due P, Lynch J, Holstein B, Modvig J: Socioeconomic health inequalities
among a nationally representative sample of Danish adolescents: the
role of different types of social relations. J Epidemiol Community Health
2003, 57:692–698.
34. Page AS, Cooper AR, Griew P, Jago R: Independent mobility, perceptions
of the built environment and children's participation in play, active
travel and structured exercise and sport: the PEACH Project. Int J Behav
Nutr Phys Act 2010, 7:17.
35. Danish School Sport. 2014, [http://www.skoleidraet.dk/]. Ref Type: Internet
Communication.
36. Scudder MR, Lambourne K, Drollette ES, Herrmann SD, Washburn RA,
Donnelly JE, Hillman CH: Aerobic capacity and cognitive control in
elementary school-age children. Med Sci Sports Exerc 2014, 46:1025–1035.
37. Donnelly JE, Greene JL, Gibson CA, Sullivan DK, Hansen DM, Hillman CH,
Poggio J, Mayo MS, Smith BK, Lambourne K, Herrmann SD, Scudder M, Betts
JL, Honas JJ, Washburn RA: Physical activity and academic achievement
across the curriculum (A + PAAC): rationale and design of a 3-year,
cluster-randomized trial. BMC Public Health 2013, 13:307.
38. Davis CL, Tomporowski PD, McDowell JE, Austin BP, Miller PH, Yanasak NE,
Allison JD, Naglieri JA: Exercise improves executive function and
achievement and alters brain activation in overweight children: a
randomized, controlled trial. Health Psychol 2011, 30:91–98.
39. Liu-Ambrose T, Nagamatsu LS, Graf P, Beattie BL, Ashe MC, Handy TC:
Resistance training and executive functions: a 12-month randomized
controlled trial. Arch Intern Med 2010, 170:170–178.
40. Corder K, Brage S, Ekelund U: Accelerometers and pedometers:
methodology and clinical application. Curr Opin Clin Nutr Metab Care
2007, 10:597–603.
41. Shiffman S, Stone AA, Hufford MR: Ecological momentary assessment.
Annu Rev Clin Psychol 2008, 4:1–32.
doi:10.1186/1471-2458-14-967
Cite this article as: Bugge et al.: LCoMotion – Learning, Cognition and
Motion; a multicomponent cluster randomized school-based intervention
aimed at increasing learning and cognition - rationale, design and
methods. BMC Public Health 2014 14:967.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
